Background/Aims: Articular chondrocytes dwell in an environment that is continuously changing its osmolarity as a consequence of mechanical loading, yet their volume regulation capabilities (RVD) are not fully understood. This work aimed to determine the osmotic sensitivity of freshly isolated rat chondrocytes, their RVD capabilities and to study the properties of any anion currents associated. Methods: Cell volume responses were determined by microscopy. Whole cell patch clamp was used to record ion currents. Results: Chondrocytes showed to be osmotically sensitive and capable of RVD in a size-dependent manner. RVD was accompanied by activation of outwardly rectifying chloride currents, featuring time and voltage independent activation and inactivation at most depolarizing voltage levels, with an anion selectivity sequence of: SCN , corresponding to Eisenman's sequence I. They were also permeable to taurine. These currents were blocked by DIDS, SITS, 9-AC and NPPB and by drugs that block I Cl,swell such as fluoxetine, phloretin, DCPIB and tamoxifen. RT-PCR assays show the presence of mRNA for CLC-3 and TMEM16A, that had been proposed as molecular determinants of I Cl,swell currents. Conclusions: These findings indicate that freshly isolated rat articular chondrocytes have I Cl,swell . The further finding that I Cl,swell blockers alter the RVD response suggest that I Cl,swell is involved in the RVD response of rat articular chondrocytes.
Introduction
Articular chondrocytes, the only cells found in synovial joints are mainly responsible for the production and maintenance of articular cartilage [1, 2] . In response to mechanical loads, they regulate the synthesis and degradation of extracellular matrix components such as proteoglycans and collagen, which are fundamental for the integrity and properties of this tissue [3] . Chondrocytes survive in a rather unusual environment: Mechanical loads on cartilage, both static and dynamic, produce changes in matrix hydration, which provoke variations on the osmolarity and ionic composition of the extracellular media. Mechanical loading influences the synthesis of new matrix components by articular chondrocytes [4, 5] . So far, the molecular components involved on the mechanical sensitivity of chondrocytes have not been clearly described, although there are some studies suggesting that ion channels may likely be playing a role [6, 7] . It has been shown that chondrocytes possess a wide diversity of ion channels [8] , including voltage-gated Na + channels [9] , voltage-gated K + channels [10] [11] [12] [13] [14] , calcium-dependent K + channels [15] , voltage-gated calcium channels [16] , TRPV channels [17] , aquaporins [18] and voltage-gated Cl -channels [19] . Because of their permeability to water, most cells behave as osmometers, modifying their volume in response to osmolarity variations, either swelling after hyposmotic shocks or shrinking after hyperosmotic challenges. It has been found that many cell types have the ability to resume their original volume by mechanisms that involve the transport of solutes (osmolytes) either organic or inorganic, across the plasma membrane. In order to recover from a hyperosmotic challenge, osmolytes are taken in from the external media, a process known as regulatory volume increase (RVI), whereas osmolytes are extruded to recover from a hyposmotic challenge, a process named regulatory volume decrease (RVD). The volume regulatory properties of a given cell type depends on the presence of specific membrane pathways of permeability that become activated in response to volume changes [20] [21] [22] [23] [24] .
It has been observed that chondrocytes, both isolated and "in situ", are sensitive to osmotic challenges [25, 26] . They also can regulate their cell volume after variations on external osmolarity, being capable of both RVI and RVD responses [27] [28] [29] , although the permeability pathways involved have not been fully described yet. The RVD response involves the efflux of osmolytes, either organic or inorganic. Several membrane transport pathways have been found to be involved in the RVD response of chondrocytes, including (1) the loss of taurine (2-amino-ethanesulphonic acid), a non-essential sulphonic amino acid, through a swelling-activated transport pathway [30, 31] ; (2) The efflux of potassium, which may be through a stretch activated potassium channel or through a large-conductance voltagedependent potassium channel [32, 33] ; (3) The efflux of cations through a gadollinumsensitive conductance dependent of intracellular calcium [34] . An efflux of anions is expected to occur along with the efflux of cations in order to preserve electrical neutrality and swelling activated chloride currents (I Cl,Swell ) have been described in a wide variety of cell types in association with the RVD response [35] [36] [37] . However little is known on the presence and characteristics of such kind of currents in articular chondrocytes [38] .
In this work we aimed: (1) To describe the regulatory volume decrease (RVD) response from freshly isolated rat articular chondrocytes; (2) To find out whether these cells express anion currents in response to hyposmotic challenges and if so, to determine their selectivity, as well as their kinetic and pharmacological properties and (3) To establish whether such currents participate in the RVD response of chondrocytes. Whole cell membrane current recordings Patch pipettes were made from borosilicate glass capillary tubing (34500, KIMAX), pulled with a horizontal Brown-Flaming type puller (model p87, Sutter Instruments, Novato, CA, USA). Pipettes with a tip electrical resistance of 2-6 MΩ were selected. Ion currents were recorded using a Dagan 8900 amplifier (Dagan Instruments) coupled to a Digidata 1200 A/D-D/A converter (Axon Instruments). Current signals were filtered at 1 or 10 KHz using a four-pole Bessel filter. Voltage stimulation protocols and data acquisition were computer-controlled through dedicated software (pClamp suite version 8.0, Molecular Devices, Sunnyvale, CA). In some experiments the protocol of stimulation consisted of square voltage pulses of -60 to +100 mV with steps of +20 mV, from a holding potential of -40 mV. In other instances voltage ramps from -80 to +80 mV (dV/dt=200 mV/sec) were used. To study the time course of the activation of ion currents, cells were stimulated with repetitive alternating step voltage pulses (every 8 seconds), from -80 and +100 mV from a holding potential of -40 mV. Continuous recording of data was made, after digitizing the signal with a Digidata1200 (Molecular Devices) , on a desk computer with the program Axoscope (from pClamp suite) whereas a second computer-Digidata 1200 set was used to deliver the stimulation protocol.
Capacitance measurements
After seal rupture, a capacitive transient current was elicited by a hyperpolarizing step voltage from -80 to -90 mV and recorded at 10 KHz. Membrane capacitance was estimated offline, integrating the area of the capacitive transient, starting at the onset of the pulse. Cell membrane capacitance (Cm) was calculated dividing the integrate of the capacitive current by the amplitude of the voltaje pulse (−10 mV). The membrane surface area was estimated, assuming a specific membrane capacitance of 0.01 pF/µm 2 . The Clampfit module of the pClamp software suite was used to obtain the integrate of the capacitive transient current.
Measurement of cell volume
Glass coverslips containing recently isolated chondrocytes were gently deposited on a recording chamber which was placed on the stage of an inverted microscope (Axiovert 200M, Carl Zeiss). Cells having a spherical shape were randomly selected and images were taken at regular intervals to follow the timecourse of volume changes after hyposmotic challenges. Posteriorly the diameter of individual cells was measured from images using an appropriate software (Axiovision 4.8, Carl Zeiss) and their volume calculated using the formula for a sphere ( ).
Reverse transcription polymerase chain reaction (RT-PCR) analysis of TMEM16A and ClC-3
Tissue samples were obtained from juvenile male Wistar rats. Rat brain was used as positive control. Rat hip condyles were collected and kept under frozen liquid nitrogen. After grinding, total RNA was isolated from either tissue, using the Trizol reagent (Invitrogen) and quantified by UV spetroscopy. cDNA was produced by reverse transcription using Superscript III and oligo (dT) [12] [13] [14] [15] [16] [17] [18] as a primer (Invitrogen). PCR assays were carried out using a PCR system 2400 (Perkin Elmer). Primers were designed using the Primer-BAST public software (NCBI, USA). Primers for ClC-3, obtained from Rattus norvegicus Clcn3 mRNA sequence (ID:NM 053363.2) were: Forward (TGTCGCCGACGCAAGTCCAC ); Reverse (GGCGAGCTGCTCCACAGCAA) to give a product of 405 bp. Those for TMEM16A, from Rattus norvegicus anoctamin-1 mRNA (ID:NM 001107564.1) were: Forward (CCGCAGCGTCCACATCGTGA) and reverse (CTGCGGGTCCCCAGGACCAT ) to give a product of 240 bp. B-actin was used as a PCR control and the sequences of primers (from sequence ID: NM_031144.2) were: Forward (AAGATGACCCAGATCATGTT) and reverse (GAGTACTTGCGCTCAGGAGG), to give a product of 662 pb.
Solutions and chemicals
The composition of solutions is described in [39] . The osmolarity of solutions was verified with a vapor pressure osmometer (WESCOR, 5500) . All salts and drugs employed in this work were from Sigma-Aldrich (St Louis, MO, USA), including SITS ( 4-Acetamido-4′-isothiocyanato-2,2′-stilbenedisulfonic acid disodium salt hydrate, cat A0554), DIDS (4,4′-Diisothiocyanatostilbene-2,2′-disulfonic acid disodium salt hydrate, cat D3514), 9-AC (9-Anthracenecarboxylic acid, cat A89405), NPPB ( 5-nitro-2-(3-phenylpropylamino)-benzoate , cat N4779),
, cat T5648), DCPIB (4-(2-butyl-6,7-dichloro-2-cyclopentylindan-1-on-5-yl)oxybutyric acid, cat D4068), fluoxetine (cat F132) and phloretin (cat P7912). Concentrated stock solutions were in dimethyl sulphoxide (DMSO) and stored in aliquots at -20°C until use. In all cases, the stock solutions were made up so that the final concentrations of DMSO was not greater than 0.1%.
Data analysis
Graphics and statistical analysis, as well as curve fitting procedures were all carried out using the Sigmaplot 10 software (Systat Inc). In cases satisfying a normality test (Kolmogorov-Smirnoff), group comparisons were evaluated by Student's test, otherwise a nonparametric test (Mann-Whitney) was used instead. Multiple comparisons of proportions was made by ÷ 2 test. All reported values are given as mean±S.E.
Results

Regulatory volume decrease response from rat articular chondrocytes
Chondrocytes were dissociated from hip cartilage slices. After dissociation they were incubated on isosmotic media (330 mOsm) for at least 15 minutes. Under this condition chondrocytes had a mean volume of 531.4±12.2µm
3 (n=150,N=4), ranging from 235 to 854 µm 3 . The histogram of frequencies (Fig. 1A) shows a three modal behavior, suggesting three populations of chondrocytes, therefore for further purposes they were categorized as small (250-450 µm ) and large (705-850 µm ). Next, to evaluate its osmotic sensitivity, the volume of chondrocytes (medium size) was measured before and after 10 minutes of hyposmotic challenges to 280, 250 and 130 mOsm. REV5901 (100 µM)
Ponce/Jimenez-Peña/Tejeda-Guzman: Role of I Cl,Swell Currents on RVD of Rat Chondrocytes Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry was added to the external medium to block the RVD response [25] . As Figure 1B shows, chondrocytes increased its volume as a function of external media, as predicted by the BoyleVan't Hoff law [40] , this result indicates that freshly isolated rat chondrocytes are osmotically sensitive over the osmolar range tested. It was observed that not all cells were osmotically sensitive, as some did not swell when challenged. To evaluate if the likelyhood of a given cell to be osmotically sensitivity is related to their size, chondrocytes were challenged to 130 mOsm in the presence of REV5901 and the proportion cells that swollen was counted from samples of each size category. As Figure 1C show, no significant difference was found (p=0.89). To observe the time course of the RVD response, the volume of chondrocytes was measured at regular intervals after hyposmotic challenges of 280, 230 and 130 mOsm. As shown in Figure 1D , cells increased their volume until reaching a peak value within 2 to 2.5 minutes after the onset of the hyposmotic challenge, and the rate and the amplitude of swelling was proportional to the amplitude of the hyposmotic challenge. As it can be observed, chondrocytes were capable of RVD response, resuming their volume to their initial values within 7 minutes after the onset of the challenge. It was noticed that not all swollen chondrocytes were able to regulate their volume. To determine if the likelihood of a given swollen chondrocyte to do RVD is related to their size, chondrocytes were challenged in the absence of REV5901 and the proportion of RVD responding cells, from among those that Figure 1E shows, no significant difference was found (p=0.12) between small (92%, n=42) and medium cells (90%, n=52), however large cells were significantly (p<0.001) less likely to restore their volume after swelling (87%, n=41).
Anion currents are activated after hyposmotic challenge
To know whether any ion currents are activated after hyposmotic challenges, the whole cell variant of the patch clamp technique was used (on medium sized chondrocytes only). To follow the time course of the activation of ion currents, cells were stimulated with a repetitive step voltage protocol, consisting of alternating pulses of -80 and +100 mV every 8 seconds.
As Figure 2A shows, no significant currents were observed under isosmotic conditions (4.3±3.7 pA/pF at +100 mV, n=20, N=3, p=0.13), however hyposmotic challenges (280 or 180 mOsm) induced the onset of ion currents, that activated gradually, to a maximum level, several minutes after replacement of external media. Chondrocytes challenged with 180 mOsm had a mean maximum current density of 98.0±7.4 pA/pF at +100 mV ( n=11, p<0.001) whereas a maximum value of 72.9±6.2 pA/pF at +100 mV (n=9, p<0.001) was measured from chondrocytes challenged with a 280 mOsm solution. The activation of currents after hyposmotic challenge was faster when media was replaced with a 180 mOsm that when it was replaced with a 280 mOsm (Fig. 2B) . In order to measure the rate of activation, data were fitted to a sigmoidal, 4 parameter equation:
Where I min is the membrane current level at the onset of the hyposmotic challenge, I max is the level of membrane current at steady state and τ on is the time constant of activation. 
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The time constant of activation of ion currents after a 180 mOsm challenge (τ on, 180 ) was 0.64 ± 0.04 min(n=13) whereas that obtained after a 280 mOsm challenge (τ on,280 ) was 1.21± 0.03 min (n=12) which was significantly slower (p<0.001). Currents activated after hyposmotic challenge, gradually vanished upon returning to isosmotic conditions (Fig. 2C) . The rate of deactivation of these currents was roughly the same in both conditions. From fitting of the process of deactivation from a hyposmotic challenge of 280 mOsm, a time constant (τ off, 280 ) of 0.99 ± 0.02 min (n=12) was estimated, which was non-significantly distinct (p=0.33) of that obtained from a 180 mOSm challenge (τ off, 180 =1.03 ± 0.03 min, n=13).
To study the kinetic properties of those currents, another voltage protocol was used, consisting of depolarizing steps from -80 to 100 mV in steps of 20 mV, from a holding of -60 mV. Currents were recorded under isosmotic media, ten minutes after hyposmotic challenge to 180 mOsm and ten minutes after resuming isosmotic media. Figure 3A shows a representative series of currents under each condition, whereas Figure 3B describes the relationship between the mean current density ± S.E. and the membrane potential. Currents activated by hyposmotic challenge showed no voltage dependent activation. Outward rectification and inactivation was observed at most depolarizing voltage levels. At +80 mV the mean current density values obtained were 4.3±3.7 pA/pF (n=15, p=0.13) under isosmotic conditions; 64.4±12.4 pA/pF (n=15, p<0.0001) under hyposmotic (180 mOsm) conditions and 11.1±4.3 pA/pF (n=13, p=0.02) after returning to isosmotic media.
Ion currents activated after hyposmotic shock are selective to chloride
To determine whether those currents are due to chloride anions being carried across the membrane, recordings were made to find the relationship between reversal potential (Erev) and chloride concentration of the external media. Current recordings were obtained from hyposmotically challenged chondrocytes (180 mOsm), in response to depolarizing voltage ramps from -80 to +80 mV (dV/dt=200 mV/sec). Reversal potential measurements were obtained from this data after fitting to a simple exponential function in the range close to inversion of currents (Fig. 4A) . Replacement of chloride on the external solution by a relatively impermeant anion (gluconate) caused a shift of reversal potential to more positive values (Fig. 4B) , as expected if those currents were due to the flux of chloride anions. Plotting of the reversal potential versus the log10 of the relation of internal to external chloride concentration shows a linear trend whose slope, obtained by linear regression is 52.5, a value that is barely less steep than the ideal value of 58.8 at 22°C from the Nernst equation [41] . These results show that currents activated after hyposmotic challenges are due to activation of a chloride selective pathway. To determine the selectivity sequence, the same procedure was followed after partial replacement of external chloride by monovalent anions: Figure 4C shows a series a representative traces, the mean inversion potential of each anion was (Fig. 4D) 
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Taurine permeability of hyposmotically induced chloride currents
In many cell types efflux of taurine, has been found to be associated with the volume regulatory decrease phenomenon [43] [44] [45] . In some cases it has been shown that taurine permeates through volume sensitive chloride channels [46, 47] . Therefore we sought to investigate whether this non-essencial aminoacid permeates through the same pathway that produces volume sensitive chloride currents in rat chondrocytes. For this purpose whole cell currents were obtained in response to ramp protocols under hyposmotic conditions as with the other anions (Fig. 4C) and measured its relative permeability (Fig. 4 E) . In this case the composition of the external media was (in mM): taurine 180, mannitol 100, MgSO 4 2.0, glucose 5, Hepes 10, pH 8.2), equivalent to 40.2 mM of anionic taurine at this pH value, considering a p Ka of 8.78 [38] . The pipette solution was the same as in the previously described assays. The permeability ratio of taurine to chloride (Ptau/Pcl) was calculated from the reversal potential (Erev) based on the Goldman-Hodgkin-Katz equation, which in its general form is:
However , the first summand of the denominator reduces to zero, since the pipette solution contains no taurine -. The permeability ratio of cesium to chloride (PCs/PCl) was calculated from recordings with an external solution containing no taurine (in mM): CsCl 100, mannitol 90, MgSO 4 
Pharmacological properties of hyposmotically activated chloride currents
The effect of several Cl -channel blockers on these currents was studied, including the stilbene-derivatives 4-acetamido-4'-isothiocyanostilbene (SITS) and 4,4-diisothiocyanatostilbene-2,2-disulfonate (DIDS), as well as the carboxylate analogues, 5-nitro-2-(3-phenylpropylamino)-benzoate (NPPB) and 9-Anthracenecarboxylic acid (9-AC). For this purpose chloride currents were activated by a 180 mOsm challenge and drugs were added to external media at increasing concentrations. Recording of currents in response to ramp voltage protocols were made, for each concentration of blocker, ten minutes after its addition to media (Fig. 5A) . From the membrane current values at +80 and -60 mV were obtained at each drug concentration and compared to control values in order to calculate a percent inhibition index (Pi) as follows:
The dose-response curve of each drug was fitted with the following Hill, dose-response equation:
Where Pi max is the maximal percent inhibition, IC 50 is the drug concentration producing a half blocking effect and HS is the Hill slope, a parameter that determines the steepness of the relationship. All drugs effectively reduced the hyposmotically induced currents as shown on Figure 5 . Pimax was significantly distinct from a zero value for all of them (p<0.001). DIDS blocked currents at +80 mV, with a Pi max of 73.8±1.2% (n=5), and IC 50 of 28.0±4.0µM; At -60 mV these parameters were roughly the same: Pi max =80.7±2.3% (p=0.03) and IC 50 =28.0±6.0 µM (p=1.0), indicating that blocking is non-voltage dependent. SITS produced a larger Pi max (87.3±2.1%) at +80 mV than DIDS (p<0.001), although the IC 50 was larger too (225±16 µM);
The fitted values at -60 mV were statistically not different of those at +80 mV (IC 50 =225±16 
Inhibition of hyposmotically activated chloride currents by I Cl,swell blockers
The effect of several drugs (fluoxetine, phloretin, DCPIB and tamoxifen), which had been shown to block I Cl,swell currents, was evaluated (Fig. 5B) . Fluoxetine (also known as Prozac), a substituted propylamine, commonly prescribed as antidepressant, has been shown to block I Cl,swell currents at micromolar range concentrations [48] . Extracellular addition of fluoxetine inhibited the hyposmotically activated chloride currents, with a Pi max of 95.6±1.8% (n=4, p<0.001). IC 50 = 6.42±0.94 µM (n=4, p<0.01). Phloretin, a bisphenol derivative, has also been found to block I Cl,swell currents at low concentrations (below 100 µM) [49] . This drug inhibited the hyposmotically activated currents from rat chondrocytes with a P i,max = 89.6±1.5% (n=6, p<0.001) and IC 50 =28.33±4.39 µM (p<0.01). DCPIB, an ethacrynic-acid derivative, has been proven to be a potent blocker of volume-sensitive chloride currents in a variety of cells [50] . Extracellular addition of DCPIB reduced the amplitude of the hyposmotically activated currents from rat chondrocytes with a P i,max = 98.87±1.2% (n=6, p<0.001) and IC 50 =6.7±0.2 In several cell lines, it has been found to be a reversible, high-potency blocker of volumeregulated chloride currents, without affecting other types of chloride currents [51, 52] . Tamoxifen diminished hyposmotically activated currents from rat chondrocytes with a P i,max = 88.2±1.7% (n=5, p<0.005) and IC 50 =4.1±0.3 µM (p<0.01). For all of these drugs, maximal blocking effect of each concentration was achieved within 1-2 minutes and currents fully recovered after washout.
Effect of volume sensitive chloride channel blockers on the regulatory volume decrease capacity of rat chondrocytes
The effect of the I Cl,swell blockers tamoxifen (20 µM), phloretin (100 µM), fluoxetine (20 µM) and DCPIB (20 µM) on the ability of cells to recover their volume after an hyposmotic challenge was assayed. To this end, drugs were added to external media, five minutes before and kept throughout a 180 mOsm hyposmotic challenge and the timecourse of the volume response was followed (Fig. 6A) . The rate of swelling was not notably distinct under any treatment and the peak volume increase was significantly distinct only with tamoxifen (36±2.2%, n=14, p=0.005) as compared to control (26.5±2.2, n=15). Nonetheless the volume recovery capacity of rat chondrocytes was notably affected by DCPIB, tamoxifen and fluoxetine although not by phloretin: Chondrocytes without treatment recovered 98.5±1.2% of their original volume at ten minutes after challenge. Those treated with phloretin recovered 95.3±3.4% after the same time, a value which was not significantly different from control (p=0.49). Nonetheless a significant difference was observed for those treated with DCPIB (p<0.001), fluoxetine (p<0.001) and tamoxifen (p<0.00001), which recovered 47.5±4.3%, 40.2±4.5% and 23.2±4.7% respectively (Fig. 6B) . A similar result was found when comparing the time constant of volume recovery (τ rvd ) (Fig. 6C): A value of 1.4±0.3 min was found for control cells; A non-significant difference (p>0.2) was found for those treated with phloretin (2.0±0.4 minutes) or DCPIB (2.4±0.7 min); Cells incubated with fluoxetine or tamoxifen recovered with a significantly (p<0.001) slower rate (9.6±0.8 and 22.3±1.2 minutes respectively).
Rat articular chondrocytes express TMEM16A and ClC-3
So far the molecular identity of VRAC (Volume Regulated Anion Channel), the ion channel that accounts for I Cl,swell remains unresolved, however several known chloride channels have been proposed as candidates, including TMEM16A, a calcium-dependent chloride channel [53, 54] and ClC-3, a member of the voltage dependent chloride channel family [55, 56] . 
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Therefore we resorted to RT-PCR analysis to know if rat articular chondrocytes express either one or both of them. As shown in Figure 7 , our results indicate that mRNA for both TMEM16A and ClC-3 are present in rat chondrocytes.
Discussion
The main purpose of this work was to determine if there are anion currents activated after hyposmotic challenges in freshly isolated rat articular chondrocytes and if so, how those currents compare to I Cl,Swell as described in other cell types. Before that, it was necessary to know whether freshly isolated rat articular chondrocytes are sensitive to hyposmotic variations and if they are capable of a regulatory volume decrease (RVD) response. We found that, under this experimental condition, most chondrocytes were in fact osmotically responsive since they swollen proportionally to the amplitude of the osmotic challenge, as predicted by the Boyle-Van Hoff equation. We found also that these cells are capable of an RVD response: Periodical measurements of cell volume showed that, when exposed to hyposmotic challenges, most chondrocytes swollen within 2 minutes, then exhibited rapid RVD and restored their former volume within approximately 10 minutes. The rate and efficiency of cell swelling and subsequent volume recovery are fairly comparable to those obtained from chondrocytes from other mammal species [27] ; However these abilities seem not to be intrinsic, as some cells did not swell and some of those that swollen could not restore their volume, suggesting some variability in the expression of the different membrane pathways involved. Our results further suggest that the ability of chondrocytes to recover its volume is somehow related to their size because large chondrocytes were less likely to exhibit an RVD response than small and middle ones.
The articular cartilage is a stratified tissue, where three major zones can be distinguished across its thickness: the superficial, the middle and the deep zone. These zones are structural, physical and biochemically different [57] . It has been observed, for instance that both ionic strength and osmolarity increase with depth, this depending strongly on the density of fixed negative charges within the tissue, which is less at the surface compared with the middle and deep zones. Several biochemical properties such as the quantity and proportion of glucosaminoglycans, hexosamine content or the distribution of type I and type II collagens also change within these zones [58] [59] [60] . The histomorphological, biological, and mechanical characteristics of these zones are in turn correlated with the distributions of pressures, deformations, and pressure-induced fluid flow that are created in vivo by mechanic loads Cellular Physiology and Biochemistry [61] . In the intact cartilage the size of chondrocytes varies according to their location, with the smaller ones found preferentially on the surface and their size increasing with depth [62] .It is clear then that chondrocytes dwell in an environment whose properties are related to their depth and therefore they are expected to show differences in their physiological properties, which would include their response to hyposmotic challenges. In these regard our finding, that the likelihood on a chondrocyte to exhibit RVD is related to size sustain this hypothesis.
As described before, we found anion currents that were activated by hyposmotic challenges. The properties of these currents resemble most of properties described for I Cl,swell , including: (1) The fact that it is activated by cell swelling resulting from hyposmotic challenges; (2) Their anionic selectivity sequence:
The time course of currents in response to step voltage pulses, showing outward rectification, voltage independent activation, and inactivation at most depolarizing voltage levels [63, 64] ; (4) The fact that they are blocked by drugs that had been described to block chloride channels, including DIDS, SITS, 9-AC and NPPB, as well as substances that had been described to specifically inhibit I Cl,swell , including tamoxifen, fluoxetine, phloretin and DCPIB. The half maximal inhibitory concentration (IC 50 ) of almost all those drugs was within the range reported for I Cl,swell currents, except DCPIB, whose IC 50 (6.7 µM) was slightly over the reference range (1-5 µM) observed in other cells [65] . Additionally, these results coincide with a previous report describing I Cl,swell in rabbit chondrocytes [66] . However our outcomes indicating that DIDS, SITS and NPPB do block I Cl,swell in a non voltage-dependent manner diverge from other reports showing a voltage dependent inhibition for these drugs [65, 67, 68] . In this regard is worth to consider that I Cl,swell is a functional attribute, whose properties vary widely among distinct tissues and mammalian species. So far the molecular entity that accounts for I Cl,swell has not been elucidated and, given the functional diversity, it is conceivable that several molecularly distinct variants may be participating on distinct tissues and species.
On the other hand, in order to know whether these currents participate in the RVD process, we probed the effect of tamoxifen, fluoxetine, phloretin and DCPIB on the volume regulatory response of rat chondrocytes. The concentration tested was the one that inhibited around 80% of chloride currents. As shown before, except for phloretin, they slowed down the RVD. These results suggest that such currents have a role on the RVD process, however the fact that the RVD process was no fully abolished by any of those drugs suggest further that, in addition to I Cl,swell , there are other membrane pathways conjunctly participating during the RVD response. In order to preserve the membrane potential, an efflux of cations, more likely potassium, is expected to accompany anions, although so far no volume, dependent potassium currents have been demonstrated in these cells. There however had been described voltage dependent K currents [10] , as well as stretch activated K channels [69] and TRPV5 [70] that could be likely candidates of such cationic currents. Additionally there can be other pathways to allow the flux of osmolytes, other than ions [30, 31] . It is possible that such pathways can be also be blocked by the drugs tested. For instance it has been found that tamoxifen blocks also delayed rectifier potassium channels as well as voltage dependent calcium channels in myocites [71] . DCPIB has been found to modulate KATP channels in beta pancreatic cells [72] . Fluoxetine inhibits A-type potassium currents and two pore potassium channels TREK-1 [73, 74] . Therefore the different results obtained with the different drugs tested can be explained considering that those drugs, in addition to block I Cl,swell currents could block other pathways participating in the RVD process.
We probed as well whether I Cl,swell could be a pathway to account for the flux of taurine associated with RVD, as it has been described elsewhere [30] and measured its relative permeability ratio (ptau/pCl). The value found (0.187) is rather low compared to 0.75 described in MDCK cells [75] , however is fairly comparable to values reported in several other types of cells such as rat C6 glioma cells (0.2), 9HTEo-human tracheal (0.31) and rat IMCD cells (0.15) [45, 76, 77] . Furthermore, it is closely comparable to 0.21 reported in isolated rabbit articular chondrocytes [38] . Thus I Cl,swell may be a pathway that partially It is important to mention that, for the sake of uniformity, most of electrophysiological and pharmacological studies were performed on medium sized cells. Nonetheless we made some whole cell recordings on small and large sized cells, which revealed no conspicuous differences on some of the properties addressed to medium sized, such as membrane current density and the profile of anion currents, however a further thorough comparison of all of their kinetic and pharmacological properties may help to explain the relation of RVD responsiveness to size.
Also it is worth to highlight our RT-PCR results, showing that mRNA for both TMEM16A and ClC-3 are present in rat articular chondrocytes; Even when the molecular identity of the ion channels that account for I Cl,swell is still a debatable issue, there exist evidence for both TMEM16A and ClC-3 to be the molecular determinants of I Cl,swell currents [53] [54] [55] [56] ; the former, also known as anoctamin-1 (ANO1) encodes for calcium activated chloride channels (CaCC) [54] and it is been shown that mice lacking it reduce their I Cl,swell currents [53] . Since intracellular calcium has been described to be related to RVD in chondrocytes [20, 56, 57] TMEM16A could be a likely candidate to produce VRAC channels in chondrocytes. On the other hand, the fact that I Cl,swell and ClC-3 currents have similar biophysical and pharmacological properties has led to think of ClC-3 as the molecular determinant of I Cl,swell . This hypothesis has been supported by experiments showing that decreasing the expression of ClC-3 significantly decreases the rate of RVD in bovine nonpigmented ciliary epithelial cells [78] , smooth muscle cells [79] and Xenopus laevis oocytes [56] . Our findings could support the idea that either one of them or both could be contributing to the expression of the observed I Cl,swell currents in rat articular chondrocytes.
In summary, in this work we showed that rat articular chondrocytes freshly dissociated express I Cl,swell currents and that they have a role in the ability of chondrocytes to effectively regulate their volume after hyposmotic variations.
